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CHAPTER 1
~

INTRODUCTION AND LITERATURE REVIEW

1.1

INTRODUCTION
This study is concerned with the biology and ecology of

a group of marine sessile invertebrates commonly referred to
as fouling organisms.

The term 'fouling' was originally

used to describe the unwanted or harmful growth of plants
and animals attached to man-made structures such as ships'
hulls and harbour walls.
broad meaning today.

'Fouling' has acquired a very

Many authors have used it in relation

to the general process of settlement of all marine sessile
invertebrates.

However, the term 'fouling organism' defines

those particular marine organisms which are capable of
settling and growing on any man-made surface (Perkins, 1974;
Crippen and Reish, 1969).

A fouling organism community

includes algae, bacteria, protozoa, free moving and sessile
invertebrate animal species.

Animal species make up the

greatest proportion of total biomass in most fouling
communities.

The present study investigates only sessile

fouling animals.
Most studies to date have been concerned with the economic
Little attention has

problems which fouling organisms create.

been given to their possible use in water pollution studies
(Crippen and Reish, 1969).

Experimental study of fouling

organisms usually involves submergence of a series of test
panels onto which larvae settle and grow.

Test panels are a

convenient means of sampling changes in fouling organism
populations in relation to pollution.

This chapter will deal

with the biology of marine fouling organisms and then with the

'.
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effects of pollutants on these organisms.

1.2

THE BIOLOGY OF MARINE FOULING ANIMALS

1.2.1

TYPES
Fouling animals have representatives from many phyla.

A list of these phyla is presented in Table 1.

TABLE 1
PHYLUM CLASSIFICATION OF COMMON SESSILE
FOULING ANIMALS
Phylum

Animal Type

Annelida

Serpulid polychaete worms

Arthropoda

Barnacles

Bryozoa

Bryozoans

Chordata

Ascidians

Coelenterata

Hydroids, anemones

Mollusca

Bivalve molluscs

Porif'era

Sponges

In any particular community all of' the above phyla may
not necessarily be present.

The number of species present

in a community may reach hundreds in some localities (Perkins,

1974).
1.2.2

LARVAL BIOLOGY
Sessile fouling animals require a dispersive stage in

their life cycles much like terrestrial plants.

When they

reproduce sexually, fertilization of eggs leads to development
and release of free swimming pelagic larvae, which can disperse
into new localities (Ferguson-Wood and Allen, 1958).

Larvae

are generally produced in vast numbers to ensure that a few
survive the hazards of pelagic life (Crisp, 1976).
There are basically two pelagic larval strategies.

The

• _/

first strategy is for larvae to be pelagic for only a short

J

period, usually between two and six hours

(C~isp,

1976).

These larvae do not feed during this period, relying for
energy on stored reserves.

The second strategy produces

larvae which :feed on plankton and live as part of the
zooplankton for days, weeks or months.
larvae grow and differentiate (Doyle,

During this period

1975).

Crisp

(1976)

argued that the difference between these two strategies is
related to the dispersive nature of currents.

In coastal

and estuarine areas tidal currents are stronger than non-tidal
currents.

Since tidal currents move backwards and forwards,

non-feeding larvae can be spread furthest if larval life is
approximately half a tide cycle.

Extension of non-feeding

pelagic life beyond six hours has little advantage.

However,

i:f larvae can survive :for long periods by feeding they can be
dispersed greater distances by the non-tidal currents and hence
achieve a wide distribution.
Larvae are able to have some control over their transport
by water currents.

They are able to swim actively and, most

are sensitive to light, gravity, salinity, pressure and
temperature.
A small number of species are light insensitive or
photonegative throughout their entire pelagic life.

The

majority o:f larvae, however, are strongly photopositive in
their early pelagic life (Wisely, 1959; Thorson, 1964; Crisp,

1976).

A negative response to gravity (geonegativity) may

often be involved as well.

This response seems to occur in

both intertidal and subtidal species.

The movement towards

light brings larvae towards the water surface.

In the upper.

water layers currents are usually strongest and therefore
larvae are likely to improve their dispersal prospects.

They
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are also closer to the food producing phytopiankton which are
important for long-lived, feeding species (Thorson, 1964).
Larval response to light of.t en changes during late pelagic
life.

Many of the species that are initially photopositive

become photonegative or photoneutral (Thorson, 1964; Crisp, 1976).
This may be a natural change in larval behaviour as the time for
settlement approaches or in some cases the physical factors of
high light intensity, increased temperature and reduced salinity
may promote the change (Thorson, 1964).

This reversal of

photoresponse would seem to be a necessary response for species
from deeper water.
During late pelagic life larvae of many species are
attracted towards dark coloured or shaded surfaces.

Pomerat

and Reiner (1942) showed that the barnacle, Balanus eburneus,
settled twice as heavily on black test panels compared to clear
panels.

In the same study the underside of horizontal panels

supported far greater populations of encrusting and erect
bryozoans, bivalves, serpulids and sponges, than panels placed
at various other angles.
Larvae of intertidal species usually remain photopositive
until the final settling stage.

At this point many species

tend to become photonegative during metamorphosis and settlement.
They seem to prefer shaded surfaces for attachment (Thorson,

1964).

Strong light conditions may be very damaging to some

intertidal species.

In most cases total darkness will inhibit

settlement and it seems that light is required for larvae to
choose a shaded intertidal site (Pomerat and

Reiner, 1942).

Of the few species that select sites where illumination is
strong, the larvae of the serpulid worm, Hydroides .!J?•• is~ ,
noted example (Crisp, 1976).

5

All :fouling animal larvae must make a critical choice
of a final site for settlement.

Once a larva begins to

cement itself to the chosen surface and initiate metamorphosis
it is unable to voluntarily change that site.

The adult will

be forced to tolerate the conditions of the location in which
it must spend all o:f its life.

Thus, it is well worth

selecting the best site available.

Doyle (1975) introduced

the idea of larval behaviour near the time of settlement as a
delaying action.

It is during this period that larvae explore

and test the nature of the possible substratum.
to attach themselves and crawl over
delay phase.

They are able

solid surfaces during the

They can even leave one surface and swim to

another but as time passes most larvae have less demanding
substrate requirements.
Much experimental evidence has shown that chemical
attraction has a strong influence on larval settlement in many
species (Larwood and Rosen, 1979).

The chemical attraction is

promoted by a recognition o:f complex chemical substances
produced by earlier settled populations of their own species.
This chemical response leads to gregarious settlement - that
is, a mass occurrence of a species in a particular location.
This type of behaviour has several possible advantages:
adults are close together which will enhance reproductive
efficiency and groups of individuals centre themselves on
suitable habitats where individuals before them have persisted
(Crisp, 1976).
In conclusion, most authors agree that larval dispersion
and settlement is the most sensitive stage in the life cycle

of the , marine fouling animal.

The vario'lls predators in the

water, physical disturbances and the need to find a suitable

6

place for fixation all combine to add many risks to pelagic
life.

1.2.J

ADULT BIOLOGY
Sessile adult marine fouling animals feed by filtering

organic matter from the seawater that passes by their external
feeding surfaces or is pumped through their internal filtering
mechanisms.

They are able to create localized feeding

currents about themselves, but they are dependent on the gross
water flows to carry nutrient particles to them.

A greater

flow of water to an animal will enable it to collect more food
( C_ri s p, 19 6 5 ) •
Metabolism in marine fouling animals, like all other
living organisms, is affected by various physical and chemical
parameters.

Dissolved oxygen in the marine environment is

essential for respiration.

In unpolluted coastal seawater

dissolved oxygen levels usually range from 6 to 11 ppm (Connell,

1981), oxygen concentration being inversely related to water
temperature.

Oxygen concentrations below

4 ppm have been

shown to eliminate many fouling animal species from fouling
communities (Reish, 1971).

Salinity is another important

factor, as it produces the ionic gradient between animal and
environment.

Most fouling animals are stenohaline and can

tolerate only small changes in salinity about an average
0

value of 35 parts per thousand ( /oo).

Wisely (1959)

described how greatly reduced salinity (to 28°/oo) in Sydney
Harbour after heavy rainfall killed many adult fouling animals
(barnacles, bryozoans and ascidians).

Other physical factors

affecting metabolism include light and pH but these are of less
importance.

7
In a clean marine environment

temperatu~e

is the most

important abiotic factor affecting growth and reproduction in
all marine fouling species (Yamaguchi, 1975; Crisp, 1965,
Ferguson-Wood and Allen, 1958).

Temperature controls the

rate at which most cellular activities proceed and this will
determine an animal's innate capacity to form living tissue.
An increase in temperature, within a species' tolerance
range, usually results in increased growth rates.

Rises of

a few degrees will promote production and release of larvae
in most temperate water species (Ferguson-Wood and Allen, 1958),
and this often coincides with the warmer waters of late spring
through mid autumn.

In tropical waters fouling animals are

able to grow quickly and reproduction and larval release can
occur at most times of the year.

In cool temperate waters

growth can be halted during the winter months (Millar, 1952)
and in intermediate areas, such as Sydney, growth and larval
release are generally slowed during winter (Wisely, 1959).
Marine fouling animals can be separated into two groups,
solitary and colonial, having very different growth and
reproductive strategies.

Colonial animals form colonies

consisting of many members (zooids) which need to be physically
connected, and all of which have been produced by asexual
reproduction (budding) from a common ancestor.

Solitary

animals exist as distinct individuals and do not require any
physical connection with others (Jackson, 1977).

In most

instances solitary animals have hard outer skeletons and
colonial animals usually do not.

This makes the hard outer

surface of solitary species more susceptible to fouling by
many species, including their own.

(j

The growth rates of solitary and colonial species differ
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greatly.

Colonial animals are able to grow . by asexual

reproduction around the perimeter of the colony.

They are

able to continue this lateral expansion at a potentially
exponential rate.

During stages of sexual reproduction in

colonial animals it is commonly observed that growth is
slowed and may even cease as competition for resources arises
between the sexual and asexual processes (Millar, 1952).
Solitary animals grow by increasing their body size.

Initial

growth of solitary juveniles tends to be nearly exponential
but this growth rate declines quickly with age, eventually
becoming sigmoid (Yamaguchi, 1975; Jackson, 1977).

In order

to expand the surface area which a solitary species controls
it is necessary for intervening periods of sexual reproduction
and recruitment to occur.

This requires considerable energy

and recruitment is unable to take place with any certainty.
Jackson (1977) proposed that this need will be reflected by
higher rates of recruitment for solitary animals compared with
colonial animals.

As a result of differences in growth and

recruitment, colonial animals usually outcompete solitary
animals in space-limited environments.

Jackson (1979)

discussed six basic morphological shapes of colonial species
in relation to the adaptive significance of each in different
environments.
Many marine fouling animals are cosmopolitan.

This is

due primarily to the transport of species attached to ships.
Those animals that survive transportation may be able to grow
and reproduce in new geographical locations and become
established exotics.

These cosmopolitan species dominate in

most major ports in the world (Perkins,

1974).

Variations in

seasonal and other environmental conditions from one port to

.

'

9

the next have led to variability in the type . of larval
development within given species (Mileikovsky, 1971).

In

a particularly favourable location a species may breed
continuously throughout the year but may breed only once in
a more severe environment (Millar, 1952).

1.2.4

COMMUNITY STRUCTURE
In a fouling community, space occupied and ability to

obtain food are the two most critical factors determining
the success of a species (Crisp, 1965; Jackson, 1979).

In

many situations the greater the space which is occupied by
an animal the more food there is potentially available to it.
One means by which a species can overcome competition for
food and space is to grow in an upward direction and tap the
food bearing water beyond which other species can reach.
The animal still has to occupy space, however, so that it can
be properly anchored and supported.
On newly immersed test panels, or other bare surfaces,
fouling animals which can colonize an area first often dominate
a community for periods of weeks, months or longer (Skerman,

1958; Schoener, 1974; Sutherland, 1974).

Being the primary

colonizers, they are able to grow and expand quickly the area
they cover since there is no competition with other species for
food and space resources.

Gregarious settlement and growth by

a solitary species may be just as effective as primary
colonization and asexual reproduction by colonial species.
Once established the species is able to exclude or suppress
recruitment and growth of later arriving species by virtue of
the fact it controls much of the space available.

A degree

of uncertainty exists in how a fouling community develops.
Chance hydrogrphic factors and seasonal variation in liberation
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of larvae both influence what species will be the primary
c9lonizers.

Wisely (1959) - found differences in larval

settlement on test panels only several metres apart.
Many fouling animals will only settle on surfaces that
have already been colonized by pioneering species (Haderlie,

1969).

One such secondary settling genus is the mussel,

Mytilus ~.(Hanson and Bell, 1976).

It is usual to find

that test panels exposed for extended periods show the most
varied and extensive fouling communities.

The number of

species present on panels generally increases quickly during
the early period of exposure.

After this stage species

numbers can continue to increase or may fluctuate.
Colonization curves for identical test panels exposed for
the same period but starting at different times of the year,
can be very different in shape (Schoener, 1974).

This can

be expected as there is a differing larval input at various
times of the year, but more importantly it is the nature of
the colonizing species, rates of growth after settlement and
the ultimate size reached by the species that affects the
number of species that can coexist in a community (Connell,

1972).
The size of the test panels can also affect community
structure.

Long (1974) showed that the species richness of

test panels increased with increasing area but at the same
time the number of species per unit area decreased.

He

claimed also that biomass per unit area increased from 15 x 15 cm
to 15 x 61 cm panels exposed at a depth of 15 metres.

Larger

panels collected less biomass than the 15 x 61 cm panels.

' .
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1.2.5

EFFECTS OF DEPTH
Fouling animals feed on phytoplankton, zooplankton and

organic detritus with phytoplankton being the most important.
Food production by phytoplankton is restricted to the euphotic
or lit zone of the sea.

Below a certain light intensity,

known as the compensation level, phytoplankton have a net loss
of photosynthetic assimilates.

The midday compensation level

in inshore coastal waters, where levels of suspended particles
are high, lies within the J - 10 metre depth range (RussellHunter, 1970).

Increased water turbidity leads to shallower

compensation levels.

The small zone above the compensation

level provides food either directly or indirectly for fouling
animals of all depths.

Increased distance from the productive

layers decreases the amount of food available and reduces
biomass production (Long,

1974).

Growth rates in less

productive deeper layers, however, may be less affected by
depth if there is less overall competition for food between
individuals or colonies.
Most fouling animals have depth preferences.

Some will

settle and grow over wide vertical bands while others restrict
themselves to narrow bands (Ferguson-Wood and Allen, 1958).
The depth at which an animal grows will be a reflection of
various evolutionary pressures which include:

competitors,

predators, food requirement, hydrographic factors, length of
larval life and settling behaviour.

For some species one or

two of these pressures will be more important than others and
will limit the distribution of a species to the zone to which
it has become adapted.
Relini and Giordano (1970) studied the vertical
distribution of four barnacle species in Genoa Harbour, Italy,
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over a three year period.

Test panels were . submerged for one

and three month intervals and the

depths considered were

O.l m, 1 m, 5 m, 9 m, 14 m and 16 m.

These workers were able

to determine the depth preferences of each species.
amphitrite settled most abundantly at 5 rn - 9 m;
preferred 9 m - 14 rn •

'

deeper levels of 14 m -

~·

Bal anus
eburneus

B. trigonus was concentrated at the

16 m, while the preferential depth for

B. perforatus could not be established because it settled in
very small numbers.
In another study carried out in Genoa Harbour, Montanari
and Relini (1974) examined the monthly larval settlement of the
colonial ascidian, Botryllus schlosseri, on test panels exposed
at the same depths as in the above barnacle study.

Total

frequency data for larval settlement over a one year period
gave the following results:

o.l m (116 larvae), 1 m (431 larvae),

5 m (277 larvae), 9 m (150 larvae) and 14 m (87 larvae).
Thus, the 1 metre depth attracted the most intense larval
settlement, but deeper levels also supported considerable
numbers.

Growth rates of B. schlosseri colonies over a three

month winter period were greatest at the 1 metre depth and
declined progressively to the 14 metre depth.
In Monterey Harbour, California, most of the fouling
animals showed little preference for panels at different
depths (intertidal, 0.5 m and 4 m below low water level) when
exposed for one month periods.

Certain encrusting bryozoans,

however, were rare on intertidal panels while the barnacles
Balanus glandula and Chthamalus dalli were only found
intertidally.

On thr-ee month panels there was some indication

of preferred settlement depths.

The encrusting bryozoan

Celleporaria brunnea dominated the community at 0.5 m while

..
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at

4 m another bryozoan, Crisulipora occidentalis was the

dominant animal (Haderlie, ,1969).
In Sydney Harbour, Wisely (1959) studiPd larval settlement
at 1.1 and 2.1 m below the water surface.

Of the six fouling

animals settling, four species (Balanus ~., Spirorbis ~.,
Bugula neritina and Hydroides norvegica) were significantly
more abundant at the 2.1 m level.

Bugula avicularia and

Watersipora cucullata did not show a significant depth preference.
Haderlie and Donat

(1978) carried out a detailed analysis

of the fouling animals present on wharf pilings in Monterey
Harbour, California.

The study considered biomass and changes

in species richness with depth in a 50 year old community.
Over the total vertical range of the study (from + 2 m to

- 7.0 m below sea level) 235 fouling animal species were
recorded.

There was a definite trend of increasing numbers
The largest

of species present at the shallower depths.
number occurred between - 0.5 and were recorded.

1.5 m where 171 species

Below this level the number of species

decreased quickly to approximately 75 at - 3 m, and remained
near this number to - 7 rn.

The greatest biomass was found

between + 1 m and O.O m and declined rapidly to the - 2 m
depth, and fluctuated near this level to the -

7 m depth.

Similar observations were made on fouling communities growing
on test panels in Puget Sound, Washington, submerged at 1 m,
6Ql m and

15.J m (Hanson and Bell, 1976).

One metre panels

collected the greatest biomass and species number, and
panels the least.

15.J m

Even in the tropical waters of Hawaii a

decrease in fouling biomass has been observed from 3 m through

to 9 m, to 15 m, arid to JO m depths (Long, 1974),
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1.3

MARINE HARBOUR POLLUTION AND ITS EFFECTS ON MARINE
COMMUNITIES

l.J.l

POLLUTION TYPES AND GENERAL EFFECTS
Marine harbours are frequently areas where industrial

and municipal wastewaters are released.

These harbours often

have restricted water movements and the wastes they receive
become pollutants, upsetting the natural equilibrium in a
number of ways.
At low levels some wastes may have beneficial effects on
biomass production by marine organisms.

In a natural body of

water various organic and inorganic nutrients may be in limited
supply and growth rates sub-optimal.

Introduction of small

quantities of trace metals can often increase the rate of
metabolism in marine organisms (Perkins,

1974).

Small

increases in food supply in the form of sewage may have
similar effects (McNul ty,

1970), and inputs of' heated effluent

may also provoke accelerated growth rates in local species if
the temperature increase is within the species' tolerance
range (Moore, 1977)~

Above low concentrations or levels the

above mentioned wastes can have deleterious effects on the
biota.
A common feature of marine organisms is their ability to
concentrate heavy metals from the environment.

If the

internal concentration of a metal becomes too high in an
organism it will have toxic effects, which may result in death,
or have insidious long term effects on the organism.

The

most important long term effects of heavy metals is the
upsetting of various enzyme systems, and the possible
malfunctioning of the reproductive process.

Some metals are

far more toxic than others, with mercury, copper, silver, zinc,

, .
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cadmium and lead being the most toxic (Connell,

1981).

Biocides such as cyanides, .ammonia, sulphides, fluorides,
pesticides, detergents, tar and oil are directly toxic in
effect to many marine organisms (Perkins,

1974).

The level

of toxicity may be dependent on the chemical form in which
the critical element or molecular group is bound.

For

instance, complex cyanides of zinc and cadmium are more toxic
to certain species than undissociated HCN which in turn is
more toxic than CN- (Perkins,

1974).

Sewage and other animal wastes affect marine organisms
in an indirect way.

When a rich suspension of organic

material is introduced into the marine environment, bacteria,
fungi and protozoa become prolific, feeding on the huge store
of food.

As a result of sewage input, the dissolved oxygen

can quickly be reduced to low concentrations and the water can
become charged with the metabolic wastes of .the microorganisms
(McNulty,

1970), both of which can directly affect growth and

survival of the other organisms present in the ecosystem.
Thermal pollution can directly remove local species
unable to tolerate the elevated temperatures and encourage
competitive replacement by exotics that are naturally adapted
to grow in the warmer environment.

It may also interfere

with spawning and other critical activities (Perkins,

1974).

An indirect effect of thermal pollution is the physical
reduction of dissolved oxygen concentration which may have
adverse effects on the biota as mentioned previously.
In complex mixtures of pollutants toxicity may be the
summation of individual effects or more often toxicity is
../

greater than the summation of individual pollutant effects'
(synergistic).

It is most important to realise that
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synergism can also be expected between effluent components and
physical factors such as
oxygen and pH.

t~mperature,

salinity, dissolved

For instance, if an organism is under stress

due to low oxygen concentration, and to this is added a
contribution from a toxic pollutant, the combination of the
two will have greater effects than the sum of each.

Toxicity

of substances is generally enhanced by increased temperatures
(Rowley, 1976).
An important ecological facet of marine pollution is the
change it can bring about in species richness, diversity and
abundance.

This is due to the wide differences in adaptability

of marine animals to polluting substances or processes.

Under

conditions of moderate pollution, there is a universal trend
for a few species to survive and reach very large numbers of
individuals.

As pollution becomes heavier, the number of

species and the number of individuals declines (McNulty, 1970).
The implications of these changes will be discussed in the next
section.

1.3.2

ORGANISMS AS INDICATORS OF MARINE POLLUTION
In marine pollution studies it has been common practice

to perform physical and chemical measurements on the water
under consideration.

Sampling is relatively easy and results

can be obtained quickly, but reflect conditions only at the
actual time of sampling.

The results of these measurements

are compared with a set of water quality criteria determined
previously by bioassay techniques.

Bioassays are carried out

under controlled experimental conditions on single species of
test organisms, and are usually limited to a single pollutant,

or &t least a mixture of a limited number of pollutants.
Bioassays have been criticized (Soule and Soule, 1979;
Cairns, 1974) on several grounds.

They are unable to take
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into account synergistic effects of complex effluents or the
complex community

interact~ons

between species.

Water

quality criteria are very incomplete for Australian organisms
and Connell (1981) has been critical of the application of
criteria developed overseas, which in many cases relate only
to lethal effects.
Rather than use physio-chemical sampling and analysis
methods, pollution studies have turned attention to field
analysis of local species in the locality being studied.

In

this way the absolute impact of pollution on the biologic
community can be ascertained.

Results will not only reflect

pollution effects at the time of sampling but also during a
period prior to sampling.

Biological field studies require

greater time for sampling and analysis than the physicochemical methods, but these disadvantages are usually outweighed
by the more practical results.
As mentioned in section l.J.l, pollution can bring about
changes in species number and composition, and changes in the
number of individuals within each species (heterogeneity
changes).

This is the basis upon which biological investigation

of pollution is centred.

A full-scale biological survey can

be very expensive, and as a result, there have been many
attempts to simplify the procedure.
is one such simplification.

Use of indicator species

This involves study of the

distribution and abundance of a species known to be tolerant
or susceptible to a particular type of pollution to determine
the intensity and area of pollution contamination (Bayly and
Lake, 1979).

The presence of a particular tolerant species

indicates that certain minimal conditions have been met.
Many authors have criticized the use of indicator species.
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Cairns

(1974)

mentioned the fact that 'pollution' usually

consists of many pollutants, and a species may be tolerant
to one type of pollutant and sensitive to another.

It would

seem highly unlikely that any species could be equally sensitive
or tolerant to the total combination of pollutants.

Thus, the

use of indicator species would be difficult to defend in areas
of complex mixtures of effluents.

Bayly and Lake (1979)

expressed many reservations about the use of indicator
organisms in Australia, as little is known of the ecology and
taxonomy of many species.
Evaluation of the overall community structure gives the
most complete picture
pollution regime.

C?f

biological changes under any particular

Community structure is most commonly

assessed using heterogeneity (species diversity) indices,
species richness (number of species) and species identity.
Heterogeneity indices are attractive, mainly because they
appear to reduce information in large masses of data to single
numbers.

Information is obviously lost in doing this.

Many heterogeneity indices have been developed.

The most

commonly used index is the Shannon-Weaver index, H

1

•

Green (1979) has discussed the use of several of these indices
and the justification behind using them.
Heterogeneity indices and species richness have been
successfully used in many studies, and in general both are
reduced by pollution.

Sometimes, however, these two measures

are reduced by other factors.

Bayly and Lake (1979) gave

several examples which showed how species richness or diversity
were reduced by natural events including interspecific

competition, water-temperature and

unsea~onal

floods.

In the

light of these observations, they concluded that more than one
index should be used by an investigator, and as much of the
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primary data as possible should also be presented.
The dynamic nature of _populations, species interactions
and mere chance effects will all contribute to spatial
variations in both occurrence and local numerical abundance
of species.

Thus, if the effects of pollution changes are

to be determined it is necessary to decide whether fluctuations
in population performances can be attributed to pollution or
natural influences.

In investigations of community structure

this problem may be overcome by repetition of qualitative
surveys in the same area, which will provide a better
indication of the stability of community structure patterns
(Moore, 1977) •

l.J.J

FOULING ORGANISMS IN POLLUTED AREAS
In marine pollution studies, organisms that are unable to

avoid contact with pollutants will give the best reflection of
the environmental conditions in the water (McCain, 1975).
A considerable amount of work has been done on marine organisms
inhabiting bottom sediments in polluted areas.

Reish (1979)

has summarized the results of extensive work he, and others,
have undertaken in this field.

The major drawback in studying

these benthic organisms inhabiting the soft benthic environment
is the fact that they do not reflect conditions in the whole
body of water above, but can reflect only the water conditions
in direct contact with them.

Marine fouling organisms,

however, can be studied in any section of water at any depth,
using test panels.

They are a more practical way of resolving

biological changes due to pollution.

Even so, very little

work has been done on fouling communities in polluted areas

(Moran, pers. comm.).
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Relini et al

(1970) tested the feasibility of studying

the effects of pollution on fouling organisms using test panels
in Genoa Harbour, Italy.

They carried out a survey over a

wide area of the harbour where pollutants were of different
types and intensities.

Physico-chemical methods were

combined with test panel data, and a control station (clean

•

water) was used for comparison.

Only very general results

were given but the most important point to note is that they
did find both qualitative and quantitative differences in
fouling communities in relation to different pollution
categories.

The most polluted station was characterized by

low oxygen levels, high turbidity and no settlement of fouling
organisms.

They also mentioned the possibility of transferring

fouling communities from clean water to a certain type of
pollution and observing resistance or modification effects.
Crippen and Reish

(1969) and Reish (1971) studied the

effects of a pollution gradient on fouling organisms (polychaete
They found an

worms in particular) in Los Angeles Harbour.

inverse relationship between dissolved oxygen concentration
and the number of polychaete worm species.

Thirty species

were present at the cleanest station and none at the most
polluted.

The numbers of other fouling organism species were

also reduced with increasing pollution.
In Visakhapatnam Harbour, India, the number of bryozoan
species was greatly reduced by pollution.

This harbour was

polluted by industrial and domestic wastes, and toxic pollutants
were present in quantities well above the tolerance level of
many marine organisms.

Twelve bryozoan species occurred in

the harbour while the number in nearby
was between 20 and

~oreshore

J4 (Rao and Ganapati, 1978).

localities
A similar
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reduction in species richness has been observed in the extremely
polluted harbour at Yokkaichi, Japan.

Here the total number of

all fouling species present throughout a one year period was
only 13, including two species of hydroids, three species of
bivalve molluscs, one polychaete species, five species of
barnacles and two species of bryozoans (Kawahara et al, 1979).
Cory and Nauman (1970) found fouling communities useful
for documenting biological changes brought about by thermal
pollution in Chesapeake Bay, Maryland.

Temperature increase
0

in the discharge area was as much as 9 C above ambient.

The

authors showed that biomass production was several times
greater in the area near the effluents than in the intakes
area.

Species diversity was much higher in the thermally

affected area than in the non-affected intake area during
months when the ambient temperatures were less than JO

0

c.

0

In the summer months ambient temperatures exceeded JO C and
.
h arge t empera t ure was in
·
excess o f 35°c.
th e d isc

During this

period species diversity was higher in the intake area than in
the discharge area.

McCain (1975) examined the fouling

community changes brought about by thermal pollution in Pearl
Harbour, Hawaii.

He found that the critical temperature for
0

the induction of changes was 3 C above ambient which
corresponded to approximately 32°c.

The fouling community

on panels located at temperatures below this isotherm in the
discharge area resembled that of the intake.

1.4

CONCLUSIONS

.

In communities of sessile marine invertebrates, biomass
and species richness are generally greatest just below the
water surface, within tbe first few metres.

In most cases

these two values decline as the depth is increased.
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Many subtidal fouling animals may be capable of
settlement over broad

dept~

ranges but may concentrate their

settlement in particular zones.

Depth preferences are

strongest in intertidal species.
Growth rates of colonies or solitary forms are dependent
on temperature, the amount of food they can obtain and the
extent of competition with other species or other members of
their own species.

Food supply is greatest near the water

surface where phytoplankton productivity is greatest.
Theoretically, if temperatures are constant and competition is
not a limiting factor, growth rates of fouling animals will be
greatest in the top few metres.
Qualitative and quantitative changes in fouling community
settlement and structure can be brought about by pollution.
In heavily polluted harbours the number of fouling animal
species is usually depressed.

Increased pollution levels

generally lead to decreases in species richness and often
reduced heterogeneity, although both these measures may be
reduced by other factors on occasions.

In extremely polluted

areas fouling animals are nonexistent.
In complex mixtures of effluents, synergistic
amplification of pollutant effects on fouling animals can be
most important.

Synergism between individual toxic pollutants

and between toxic pollutants and physical factors such as
temperature, salinity and dissolved oxygen can occur.
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CHAPTER 2
INTRODUCTION TO THE THESIS
Port Kembla Harbour receives pollution from a variety
of heavy industries (Beavington,

1975) and much of the

harbour is polluted to some extent, all of the time

(s.P.c.c.

Nov.

1977).

In many areas of the harbour, the

physical and biological effects of water pollution are
obvious.

Intertidal marine invertebrates are nonexistent

in the most polluted sections of the harbour.

Oil covers

much of the intertidal substratum and iron stains from the
water extend over wide surface areas of harbour facilities.
Study of fouling organisms growing at a depth of 3 m
at three locations in Port Kembla Harbour, has shown an
abundance of fouling organism settlement and increased
growth rates of some fouling organisms in the more polluted
waters.

At

t~e

same study depth, an increase in fouling

community diversity has been observed as pollutant
concentrations decreased along a horizontal pollution
gradient in the harbour (Moran, pers.comm.).
However, nothing is known of the changes in fouling
organism growth at different depths in the harbour, which
also correspond to different pollution concentrations.
This is particularly important in view of the proposal by
the State Pollution Control Commission (Nov.1977) that clean
oceanic water flows into the harbour near the harbour bottom
and the most polluted water flows out of the harbour in the
top layers.

(Details of this proposed model are given in

the next ~hapter).

The State Pollution Control Commission
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(Nov.1977) also claimed that fish were able ~o enter the
harbour and survive in the bottom waters, but if they
inadvertently swam into the surface waters fish-kills
occurred.
The present study was formulated to examine the biology
of fouling organisms in the upper water layer (most polluted)
of Port Kembla Harbour and compare this to the biology of
fouling organisms at deeper (less polluted) depths.

More

specifically the study aimed to:
1.

obtain results on the effect of depth and/or pollution
on larval settlement.

2.

measure growth rates of colonial and solitary fouling
animals and relate these growth rates to depth and/or
pollution effects.

J.

test the tolerance of adult fouling animals from
cleaner water when transferred to more polluted water.

4.

provide information on the fouling community
structure changes brought about by depth and/or
pollution.

5.

use all the results of the above investigations to.
assess the suggestion that pollutants flow out in
the top layers of Port Kembla Harbour and a clean
oceanic water body penetrates beneath.

6.

provide baseline data for possible future biological
studies of pollution effects in Port Kembla Harbour.

(/
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CHAPTER 3
MATERIALS AND METHODS
3 •1

STUDY AREA
Port Kembla Harbour is located 70 km south of Sydney at

latitude 34° south.

It is an artificial harbour which

serves a large steelmaking complex, various other heavy
industries and an export coal loader.
Fig.l is a map of Port Kembla Harbour and the surrounding
area.

The harbour itself consists of two sections, an inner

and an outer harbour.

At the entrance to the outer harbour

the water depth is 15 m, while within the inner harbour the
depth ranges between 8 m and 12 m.

Allans Creek is the only

water course of any si.g nificance draining into the harbour.
It receives small amounts of fresh water drainage from land
east of the Illawarra escarpment.

In its tidal portions

Allans Creek flows through the steelmaking complex and it is
here that the major pollutants are added to it.
Large quantities of salt water are used in the steelmaking
complex for cooling and cleaning processes.

The two major

users of saltwater at Port Kembla are Australian Iron and Steel
Pty Ltd (760,000 kilolitres/day) and John Lysaght (Australia)
Pty Ltd (30,000 kilolitres/day) (s.P.c.c. Nov.1977).

Most of

the seawater is taken in at the lift pump station on the
western side of the outer harbour and returned after use in the
steelworks via drains leading to Allans Creek which flows into
the inner harbour (see Fig.l).

Much of the water is used for

secondary cooling and is returned to the harbour relatively
unchanged except for an increase in its temperature.

The

remaining water volume comes in contact with contaminants, with
the most important contact occurring during the gas scrubbing

C·
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Fig.l.
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Map of Port Kembla Harbour
and surrounding area.
I\)
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(cleaning) processes (Rowley, 1976).
Gas scrubbing is carried out at the coke ovens and the
blast furnaces.

Gas scrubbing introduces large quantities

of cyanides, ammonia, phenolic

compounds and small amounts

of heavy metals to the water used in the process.

Other

contaminants o:f the water used throughout the steelworks
include suspended solids, oils, acids and heavy metals (iron,
zinc, lead, copper and cadmium).

The quality and quantity

of discharges to Allans Creek are highly variable, generally
being dependent on the timing of various steelmaking operations

(s.P.c.c.

Nov.1977).

The State Pollution Control Commission

(S.P.c.c.)

report

(Nov.1977) has given an outline of pollutant movements and
The temperature

general water flow in Port Kembla Harbour.
of effluent water in Allans Creek,

just after release from the

steelworks, is some 10°c above the average ambient water
temperature.

This heated water is less dense than other

water in the harbour.

At the mouth of Allans Creek the

heated water layer is approximately two metres in depth.
polluted layer flows over the harbour surface.

The

It is

progressively diluted as it is spread over the whole surface
area of the harbour

and water :from the lower layers is

entrained into the polluted layer.

Tidal water movements

determine the direction of flow and the rate at which
pollutants are flushed from the harbour.

The

s.P.c.c.

has

proposed an idealized two layer water circulation system in
the harbour.

This is illustrated in Fig.2.

In this

proposed system, clean oceanic water would move into the outer
harbour at deep levels and penetrate into the inner harbour,
This water could replenish water quality in the harbour and

''
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Fig.2.

Idealized two layer water circulation system
in Port Kembla Harbour.
(Adapted from S.P.C.C.,

Nov.1977).
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also dilute the polluted layer moving in the . opposite
direction.
The S.P.c.c. report (Nov.1977) also sug gested mechanisms
by which pollutants may become present in the deeper water
These mechanisms are given on page 3 of the report

layers.

and stated as follows -

"*

mixing of the outflow from Allans Creek at the
point of entry to the inner harbour.
mixing of the surface layer with incoming ocean
waters.
settling of particulate matter, either present in

*

effluents when discharged, or formed subsequently
by flocculation in the harbour waters.
mixing of the upper and lower layers by the

*

movement of ships."
The present study was carried out at the Roll on - Ro l l
ofr Berth, which is situated in the inner harbour at the
mouth of Allans Creek (see Fig.I).

This site was chosen

because the jetty provided a convenient place beneath which
experimental cages could be suspended and was deep enough

(10-11

metres) for a pollution gradient to exist between top

and bottom layers.

It was near the major source of

pollutants (Allans Creek) and data was available on the
water quality.
The most recent water quality data available from the

s.P.c.c.

for the study area is given in Table 2.

Since this

data was gathered cyanide and ammonia levels have been reduced
by nearly

50% (s.P.c.c.1980) due to the introduction of

indirect final gas coolers in one coke oven battery.

The

data in Table 2 clearly shows that cyanide, phenol and ammonia

concentrations are very much higher in the upper water layer
than in the intermediate or deepest layers.

TABbE 2
HEAVY METAL, CYANIDE, PHENOL AND AMMONIA CONCENTRATIONS AT THE
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Heavy metal concentrations are changed less with depth.
Plate 1 shows the Roll on - Roll off Berth and surrounding
areas in the Inner Harbour.

Experimental cages were

suspended beneath the pylons in the centre of this photograph.

J.2

EXPERIMENTAL DESIGN

J.2.1

GENERAL FIELD METHODS
Three depths were chosen at which to sample the fouling

species.
level.

These depths were 2 m, 4 m and 8 m below mean tide
At 2 m it was assumed that test panels would be in

the most polluted layer all the time;

the

4 m panels would be

in or at least close to the most polluted layer for short
periods only, and the 8 m panels would be in the cleanest
water all the time.
The most important changes with depth in clean water are
light penetration and food availability.

In the present

experiment food availability could not be controlled, but the
influence of light was reduced by shading test panels under a
broad dark hood.
Other physical factors that may have differed between the
three experimental depths were salinity, temperature, dissolved
oxygen, pH and turbidity.

All these factors were monitored

at regular intervals throughout the experimental period.
Temperature and salinity were measured in the field using a
temperature-salinity meter (Hamon, model 602).

When using

this instrument the electrode was lowered from the boat till
it made contact with the experimental cage and measurements
were taken in the water adjacent to each of the three cages.
Water samples (50ml) were also collected adjacent to the
three cages using a syringe sampler, modified from the design
of Gibbs (1978).

These water samples were brought back to
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Plate 1.

The Roll on - Roll off Berth and the inner
harbour {background}.
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the laboratory, where the other measurements . were taken.
Dissolved oxygen was determined using a dissolved oxygen
meter (YSI, model 57) calibrated using oxygen saturated water.
pH was measured on a digital pH meter (Metrohm Herisau,
model E500) and turbidity was measured on a turbidimeter
(Hatch, model 2100A).

In order to give an indication of

the extent of light penetration into the water at the study
site, secchi disc measurements were also taken at intervals.
This was done always on the shaded side of the boat at the
same location.
Test panel material was sandblasted clear P.v.c. and
each panel had the dimensions of 150 x 150 x 6 mm.
Experimental cages were of wooden construction and coated
with nontoxic acrylic paint.

Plate 2 shows a cage on its

side illustrating the internal design, consisting of four
rows of grooves into which a maximum of 20 vertical test
panels could be accommodated at any one time.
panel in a row was separated by 85 mm.

Each test

Hoods, which were

made from black painted fibreglass sheeting, were secured

8 cm above each cage and protruded 15 cm beyond the cage
extremeties.

These provided the greatest practical shading

for test panels while still permitting water circulation
around the cages.

Plate 3 shows a cage in the upright

position with a hood attached.

Hoods used in the field

had a small hole (6 cm diameter) cut in the centre so that a
rope could be directly secured to each cage.

This hole was

covered with a small piece of black plastic to stop light
penetration and was held in place with a removeable peg.

Fig.3 shows how each cage was positioned and secured
between slanting pylons underneath the Roll on - Roll ofr

.

Plate 2.

'

Experimental cag• op _its side.

(./

Plate 3.

Experimental cage plus hood.
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4

harbour floor

Fig.J.

Cage setup beneath Roll on - Roll off Berth pylons.
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Berth.

Each cage was suspended vertically by nylon rope

from another piece of nylon rope strung tightly between two
pylons.
floor.

A concrete block anchored each cage to the harbour
Cages were able to swing 360° about the vertical

axis by using galvanized swivels attached to both the upper
and lower side of each cage.
The experiment was begun initially in mid April and
proceeded until the seventh week.

At this point the 2 m

cage was lost because a central loop of rope had broken.
This required that all cages be brought from the water, test
panels removed from them, a new cage built to replace the one
that had been lost and fresh panels placed in all the cages
ready for replacement in the water.

A slight modification

in design to all cages ensured that the problem that caused
the loss of the last cage could not occur again.

All the

cages were back in the water within one week of taking them
The three cages were situated within 5 m of each

out.
other.

Methods used in both experimental periods are referred

to in the following text.
Prior to placement of test panels in the water they were
washed with alcohol to remove any stains or marks that could
have led to inconsistencies in larval settlement.

Throughout

the experiment, panels were transferred from the cages in the
harbour to the laboratory in containers filled with harbour
water.

At the laboratory, panels were washed briefly in

fresh water to remove any loose sediment and placed in 10%
f'ormalin to awa,it later analysis.
On three occasions during the second experimental period
cj

the 2 m cage and panels became heavily sedimented after
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moderate rainfall in the Allans Creek catchment area.
Because cages were checked . at weekly intervals throughout
the second experimental period, it was possible to detect
sedimentation within a few days of its settlement on panels.
On these occasions the panels were rinsed on location in the
harbour water and replaced in the cage.

During the last

seven weeks of the experiment the weather was dry and no
heavy sedimentation occurred.

It was, therefore, not

necessary to rinse the panels during this latter period.

J.2.2

LARVAL SETTLEMENT- SAMPLING AND ANALYSIS
Test panels were submerged in the water for periods that

allowed sufficient larval settlement to occur, and growth of
newly settled organisms was allowed to proceed to a point
where juveniles could be readily identified.

When juveniles

were identifiable at all three depths, panels were removed and
replaced with new ones so sampling could be repeated in the
same way for the next period.
During the first experimental period (April to May) one
panel at each depth was used to sample larval settlement during
a sampling perio~.

In the second experimental period (June

to September) three panels were used at each depth during each
sampling period.
Analysis of panels for a sampling period consisted of
counting the total number of individuals in each species
present (one colony was counted as one individual).

This

was done for the total surface area of panels from each depth.
Counting was made easier by dividing each panel side into
segments using a wire overlay.

38
J.2.3

GROWTH RATES AND COMMUNITY DEVELOPMENT - SAMPLING
AND ANALYSIS
Test panels were all submerged at the same time and

sampling took place subsequently at regular intervals.

During

both the first and second experimental periods (April-May and
June-September) sampling at each stage involved removal of
three panels at each depth.
From the first samples taken, in both experimental periods,
species were ·c hosen that could be used for growth rate analysis
throughout the remaining experimental period.

Chosen species

were present in numbers large enough to provide an adequate
growth parameter mean.
At the first sampling stage measurement of the particular
growth parameter for a species (e.g. Hydroides elegans tube
length or Ciona intestinalis body length) was made on all
individuals in the population.

If the number of individuals

was excessively large measurement was performed until the
standard deviation of the mean was less than 10%.

From these

measurements a mean was obtained and this was used at the next
sampling stage, when only those individuals with the particular
growth parameter greater than the mean at the previous sampling
stage were included in the new sample.
used at the next sampling stage.

This new mean was then

It was assumed that this

sampling method provided growth rate information on individuals
that had settled during the initial sampling period.
Tube length of individual Hydroides elegans were measured
by adding together the length o~ straight tube sections.

The

body 1.ength of Ciona intestinalis was measured at the maximum

test length.

The area of' Diplosoma !.E• was measured in two
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ways.

For very small colonies (less than .10 zooids) colony

area was approximated by using a circle, square or rectangle
measurement.

In large colonies area was plotted onto graph

paper and measured using a compensating planimeter (Koizumi,
model KP-27).
At each sampling stage used for growth rate analysis, all
species present on the test panels were identified.

This

provided a species list for the total surface area of the three
panels at each depth.

By using lists of species present at

the progressive sampling stages information was obtained on the
community development at each depth in terms of species identity
and species richness.

3.2.4 TRANSFERENCE EXPERIMENT
Four panels at both

SAMPLING AND ANALYSIS

8 m and 4 m were submerged

continuously for three months, beginning in mid-April.

Two

of the three month panels from both 8 m and 4 m wer,e then
transferred to . the 2 m depth for two weeks while control
panels remained at their respective depths.

At the end of

the two week period all eight panels in the experiment were
removed from the harbour and transported back to the
laboratory in large buckets of harbour water.

Panels were

then quickly transferred to large tanks of clean aerated
seawater in which the fouling animals could be kept alive.
Panels were analysed immediately and the total number of
animals alive in each species present was counted on each
panel side.

The criteria used for an animal to be counted

as alive were as follows:

i.
(j

Hydroides elegans - tube white and completely intact;
not clogged with large amounts of sediment; branchial
filaments and operculum protruding.
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2.

Solitary ascidians - parts of the inte.rnal structures
moving;

touch branchial or atrial siphon and both

siphons close.

J.

Bugula avicularia - outer zooids feeding;

avicularia

in motion.

4.

Colonial ascidians - zooids or test contracted to
touch stimuli.

5.

Bowerbankia

~·

- zooids protruding from skeletal

compartment.

6.

Anomia descripta - if open, upper valve closed to
touch stimulus;

if upper valve closed then piercing

this valve caused the organism inside to contract
rapidly.

7.

Balanus

~·

- scutum and tergum open with cirri

protruding and moving.

3.2.5

COMMUNITY STRUCTURE - SAMPLING AND ANALYSIS

Analysis of structure in marine fouling communities
generally poses several problems.

These problems relate to

the quantitative classification of different growth forms
exhibited by various species.

Lewis (1981) has outline d

these problems in the following words:
"(a)

individuals of some species, for example
stoloniferous hydroids •••• , cannot be readily.
defined or counted.

(b)

variation in the size of individuals between
species does not permit valid comparison of
settlement counts to determine the relative
importance of different species within the
fouling community.
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(c)

the size of colonial organisms with spreading,
almost two-dimensional, growth forms is not taken
into account when a colony is counted as one
individual ••••"
One useful method to overcome these problems is to

classify community structure using frequency data (Moran, 1981).
This data can take into account the space occupied by an
organism and its relative importance in the community.

The

information obtained is more ecologically meaningful and more
representative of the real community than quantitative numerical
data.
Another ecologically meaningful method that can be used to
census marine fouling communities is to measure the surface
This method is only

area covered by individual species.

practical for encrusting colonial or large solitary species.
In complex communities where several layers of organisms may
exist this met~od becomes very difficult (Moran, 1981).
In the present study, panels used for community structure
analysis were submerged for

14 weeks beginning at the start of
Four panels from

the second experimental period in June.

each depth were used in the analysis and each panel side was
analysed.

A 1 cm boundary around the edge of each panel was

excluded from the analysis to ensure that any edge effects did
not produce a bias in the data.

A metal frame 14 cm x 14 cm

was subdivided into 100 equal sized squares and placed over a
panel.

All species present in each of these 100 squares

were recorded and the total frequency of a species was
expressed as a percentage.

The area coyered by encrusting

colonial species was also measured on each panel side.
\/

This
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was done using a planimeter and the area was expressed as a
percentage of the total panel area.
The hoods of the cages supported extensive fouling growth
and these too were systematically surveyed and qualitative
data was obtained on the species present.
After community structure analysis, total fouling biomass
was determined for the least sedimented sides of three panels
from each depth.

Biomass was determined by scraping the

animals present on the central

14 cm x 14 cm panel surface

onto a preweighted filter paper, drying at 70°c for 36 hours
a~d

Biomass was also

then weighing the dried mass.

determined for hood communities by scraping the same dimension
surface area.

J.2.6

TAXONOMY AND STATISTICS
All fouling animals were identified to the species or at

least the genus level where possible.

This was done using

keys which had . been developed for Port Kembla Harbour species
by P.J. Moran (Biology Department, University of Wollongong).
Juvenile barnacles could not be identified to the species
level so th e y were classified as Balanus

~··

Percent frequency data obtained in community structure
analysis was treated statistically as quantitative numerical
data in two way analysis of variance calculations, after an
arcsine transformation.

Two way analysis of variance {the

two variables were depth and sides) was performed on each of
the three species:

Diplosoma

~.,

Hydroides elegans and

Bugula avicularia because they were the most dominant members
of the communities, occurring in relatively large percentage
frequencies at all three depths.

Other species were not
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individually subjected to two way analysis of variance
because the percent frequency was zero or near zero for
at least one depth.

The percent frequency of these other

species was combined to give data which reflected the fouling
intensity on each replicate panel.

This fouling intensity

data was then analysed using two way analysis of variance.
The average percent frequency of a species at each depth, as
referred to in chapter 4, was the average over all replicate
sides.
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CHAPTER 4
RESULTS

4.1

PHYSICAL PARAMETERS
Water temperatures measured at the 2 m cage depth

fluctuated widely throughout the study, while temperature
changes at the 4 m and 8 m depths followed a seasonal
pattern, decreasing throughout the study.

The temperature

at the 2 m cage was always above that recorded at the other
cages and on several occasions it was as much as 8 0 C higher
(Fig.4a).
The dissolved oxygen concentration in water samples
taken throughout the study did not show any consistent
differences between depths.

As water temperatures declined

the dissolved oxygen concentration showed an increase (Fig.4b).
Salinity, pH and turbidity measurement ranges during the

J.

experiment are ·shown in Table

Secchi disc measurements

taken above the 2 m cage ranged from

0.7 to 2.1 m.

TABLE J
SALINITY, pH AND TURBIDITY RANGES DURING
APRIL TO AUGUST AT THE STUDY SITE.
Depth

4m

2m
Salinity

(

0

/oo)

JJ.6 - J6.o

J5.4

Sm

-

J6.5

35.4 - J6.5

pH

7.77-

s.o

7.97- s.19

8.01-

8.24

Turbidity (NTU)
Nephelometric
Turbidity Units

o.B -

1.1

o.6 - l.J

o.6 -

0.9

4.2

LARVAL SETTLEMENT
Fig.5 gives a visual comparison of qualitative and
\/

quantitative differences in larval settlement between the
three study depths during six settlement periods.

The data
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in the last three settlement periods were analysed using
one-way analysis of variance (ANOVA) because in each of these
periods three replicate panels were used.

One factor ANOVAs

were conducted on two sets of data for each of these periods.
One set of data involved the total number of larvae settling
on each replicate panel while the other set involved the total
number of species settling on each replicate panel.

Variance

within a depth was compared to variance between depths for both
groups of ANOVAs and Table 4 presents the calculated variance
ratios.

The data and ANOVA tables used to calculate the

variance ratios are given in Appendix A.
TABLE 4
ONE FACTOR ANOVA F-RATIOS FOR LARVAL SETTLEMENT
Period
Data used
Number of larvae on
each replicate
panel

June J July 8

July 8 August 5

21.0 ***

13.8 **

Species number on
each replicate
panel

3.3

August 5 September 6

25. 6 ***

12.1 ***

**highly significant (p -==0.01)
very highly significant (p-< 0.001)

***

.;'

Table 5 shows the results of multiple comparison Scheffe
tests (Roscoe, 1975) for those parameters with significant
In all three periods the number of larvae

F-ratios in Table 4.
settling at the

4 m depth was significantly greater than the

number settling at the, 2 m and 8 m depths.

The number of

larvae settling at 8 m was significantly greater than the
(j

number settling at the 2 m depth during one period only, while

..
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the difference was not significant for the other two periods.

TABLE 5
/

SCHEFFE TEST F-RATIOS FOR LARVAL SETTLEMENT
COMPARISONS BETWEEN PAIRS OF DEPTHS
Data used

Number of larvae
on each
replicate
panel
Species number
on each
replicate
panel

*
**
***

Depth
pairs
compared
2m &

4m

2rn & 8m

Period
June 3
July 8

-

12.0 **

13.2 **

1.4

0.3
9.5 *

21.5 **

4m & Bm

-

July 8
August 5

-

August 5
September 6

28. 4***
8 • .5

*

5.9 *

2m & 4m

10.9 **

2m & Bm

7.J **

4m & Bm

o.4

Signi:ficant {p<: 0.05)
Highly significant (p-=:: 0.01)
Very highly significant (p-c:::: 0.001)

During the August 5 to September 6 test period the number o:f
species settling at the

4 m and 8 m depths were greater

(pc:::: 0.01) than the number of species settling at the 2 m depth.
There was no significant difference between the number of species
settling at 4 m and 8 m depths during this period.
Table 6 presents qualitative in:formation about seasonal
changes in larval settlement during the study.

It should be

noted that a peak settlement period :for a species, in Table 6,
was defined as the period in which the greatest number o:f larvae
(per panel) o:f this species, settled.

Most species of larvae

that occurred commonly, settled throughout the study at all
depths;

however, some less abundant species settled at the

8 m or 4 m depth only.

Over the whole study period a total

of' eight species of larvae settled at the 2 m depth, 12 species
at

4

m and 15 species at 8 rn.

No hydroid species settled at

the 2 m depth, while three hydroid species settled at

4 m and

TABLE 6
SEASONAL CHANGES IN LARVAL SETTLEMENT
DEPTH

Species

1 2

Diplosoma ~·
Botryllus schlosseri
Ciona intestinalis
Ascidia

Period
3 4 5
+

+
+ +

+

~

*
6

Period
3 4 5

6

+

+

+

+

Jul-Aug

+

+

+

-

+

+

+

+

Aug-Sep

+

+

+

+

+

+

Apr-May

Apr

+

+

+

+

Jul-Aug

+

Apr-May

+

Apr

+

Aug-Sep

Hydroid (unidentified)
+

+

Bal anus sp.

+

+

+

+

+

+

+
+

+

+

+

Aug-Sep

+

+

Aug-Sep

+

+

Apr-May

+

+

Aug-Sep

+

+

Jul-Aug

+

+

+
+

+
+

+
+

Jul-Aug

+

Jun-Jul

+

+

+

Apr-May

+

+

Aug-Sep

+

+

Aug-Sep

+

+

Aug-Sep

+
+

+

+

Apr-May

+

Obe lia

+

Apr-May

+

Obelia ~.2
Hydro id (Athecata)
Leucosolenia

6

+

Anomia descripta
.!!...E_. l

Peri.o d
J 4 5

+
+

+

May-Jun
+

+

+

Apr-May

+

Aug-Sep

+

+

+

Aug-Sep

+

+

+

Aug-Se.p
Apr-May

+
+

Apr-May
Aug -Sep
May-Jun

+

Jul-Aug

+

~

+

+ Denotes larvae of this species settled during this period.
2 = April/May, J
*l = April,
May/June, 4
June/July,
5

=

=

Peak

Jul-Aug

+

-

~

2

1

-

Jul-Aug

+

Peak

Jun-Jul

CanoEeum tenuissimum

Hydroides elegans

2

+

+

avicularia

Bowerbankia

·1

Peak

+

Styela plicata
Bu~

BM

4M

2M

= July/August,

6

= August/September

\.J1

1--'

..
52

four species at 8 m.

Canopeum tenuissimum,·an encrusting

bryozoan, was only observed at the
the sponge, Leucosonlenia

~·

4 m and 8 m depths, and

was recorded only at 8 m.

Two species of larvae that were found to settle most
abundantly during the winter months were Diplosoma 2-E• and
Bugula avicularia.

Balanus

~·

occurred at all depths but

only late in the study during July, August and September.

4.J

GROWTH STUDIES
Comparisons of growth parameter increases with time at

2 rn,

4 m and 8 mare given for Hydroides elegans (Fig.6),

Ciona intestinalis (Fig.7) and Diplosoma ~· (Fig.8).

The

data used {number of samples taken, growth parameter means
at each sampling stage and standard errors) to prepare Fig.6,
7 and 8 are provided in Appendix B.

Statistical comparison

of growth parameter means using the t- test, was made between
depths at each sampling stage {Table 7).
Hydroides elegans tube lengths at 2 m were not significantly
different from the tube lengths at 8 m, at the earliest
comparison stage in both experimental periods.
of Diplosoma

~·

Colony areas

from all depths were also similar at the

first sampling stage.

Body lengths of Ciona intestinalis

were significantly smaller at 2 m than body

l~ngths

at the

other depths, at the first sampling stage in both experimental
periods.

However, comparison of growth parameters obtained

after the first sampling stage, showed that the 2 m parameters
were significantly lower than the growth parameters at the
and 8 m depths, for all three species.

4 m

As the submergence

time increased, the difference between the growth parameters

at 2 m and the other
growth rates at

depths ~ became

greater.

Therefore, the

4 m and 8 m were significantly faster than
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TABLE 7
COMPARISON OF GROWTH PARAMETER MEANS USING
THE T-TEST

A. Hydroides elegans

Means compared

(April/May)

(June/September)

4 WKS

6 WKS

8 WKS

J WKS

2 m & 4 m

***

***

-

***

***

***

2m & 8 m

N .s.

***

-

-

N.S.

***

***

*

N.S.

N.S.

N.s.

***

N.S.

N.S.

4 m

&

8 m

6 WKS 9 WKS 14 WKS

B. Ciona intestinalis

(April/Mav)

Means compared

{June/Seotember

4 WKS

6 WKS

m

***

***

-

2 m & 8 m

***

***
N.S.

2 m &

~

4

**

m & 8 m

c.

Diplosoma

!Means compared

- 8 WKS

***

***

***

-

-

***

***

***

***

N.S.

N.S.

N.S.

**

~·

(June/Seotember

6 WKS

2 m & 4 m

N.S.

**

*

2 m & 8 m

. *

***

***

4 m & 8 m

N .s.

N.S.

N.S.

9 WKS

significant { p < O.0.5)

** highly significant ( p < 0 .Ol)
***very highly significant (p4' .001)

N.s.

not significant
- no animals present at one of the depths
therefore no test performed.

6 WKS 9 WKS 14 WKS

-

J WKS

*

J WKS
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growth rates at 2m.
Comparison of tube

le~gths

of Hydroides elegans at 4 m

and 8 m showed significant di1ferences at only two sampling
stages .•

During the first experimental period the body lengths

of Ciona intestinalis were significantly smaller at 8 m than at

4 rn at the first sampling stage, but at a later sampling stage
body lengths at 8 m were significantly higher than at 4 m.
In the second experimental period, the body lengths of
C. intestinalis at 8 m and 4 m were significantly different
only at the final sampling stage.

Thus, there was some

variability throughout the study in differences between
Hydroides elegans tube lengths and Ciona intestinalis body
length at

4 m and 8 m, but any differences observed between

these two depths were not consistent differences.
The mean area of individual Diplosoma

~·

colonies on

4 m and 8 m panels were not significantly different at all
sampling stages, therefore, the growth rates were similar.
The greatest observed growth rates of Hydroides elegans
between two successive sampling stages were recorded during
experimental period 1.

These were

1.4 mm per week at

2 rn

The latter growth rate

and 7.7 mm per week at 4 m and 8 m.

does not distinguish between 4 m and 8 m because tube lengths
were not significantly different at the two depths for the
sampling stages used.

The greatest observed growth rate of

Ciona intestinalis at 2 m was 0.9 mm per week and this was
recorded during experimental period 2.
rate of

-c.

intestinalis at the other depths was observed

during experimental period 1.

J.6

The greatest growth

At

mm per week and at B rn it was

4 m the growth rate was

5.7

mm per week.

4.4

THANSFERENCE EXPERIMENT
Fig.9 illustrates the results of the transference

experiment.

Control and transference data in Fig.9 from

each depth, were compared using Chi-squared contingency table
tests.

Data from

4 m and 8 m gave X2 values of 16.10 and

16.06 respectively.

Both of these results were highly

significant (p -=:::::.01).

From inspection of' Fig.9 it was
2

suspected that these large X

values were due to the large

contribution by one species in particular at each depth
(Ciona intestinalis at

4 m and Ascidia

~·

at

8 m).

This

idea was tested by subdividing the two contingency tables.
When these species were left out of the contingency tables
for each depth, the

x2

values obtained were not significant.

When the two species were included in the tables, and the
.

contribution of all other species were grouped together, the

x2

values resulting were highly significant (pC:::::::.001).

The contingency tables and X

2

values used in all the above

mentioned tests are given in Appendix C.
The growth of fouling organisms on control and
transference panels from both

4 m and 8

m depths are shown

in Plate 4 (4 m control), Plate 5 (4 m transference),
Plate 6 (8 m control) and Plate 7 (8 m transference).
Particularly obvious is the near absence of large solitary
ascidians (Ciona intestinalis and Ascidia ~.) on transference
panels.

These are the species that were shown to be most

affected by transference to the 2 m depth.

4.5

COMMUNITY STRUCTURE
The fouling community structure on replicate 14 week

panels is represented in Fig.10.

This figure presents

average percent frequency data for both more sedimented and
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SPECIES

Average % frequency of each species on 14 week panels.
Results are divided into depths and sides (more
sedimented and less sedimented).

6J

less sedimented panel sides because a significant difference
-

was observed in the percent frequency of some species between
sides.

One 14 week panel (less sedimented side) from each

depth is shown in Plate 8 (2 m), Plate 9 (4 m) and Plate 10
( 8 m).

Two way ANOVA calculations were performed on the percent
frequency data obtained from each 14 week replicate panel
(depth and sides were the two variables).

The F-ratios

resulting from two way ANOVA calculations are presented in
Table 8.

Appendix D gives the data used to calculate these

F-ratios.
TABLE 8
TWO WAY ANOVA F-RATIOS FROM 14 WEEK
COMMUNITY
Data used

(%

FREQUENCY DATA)

Source of variation

Diplosoma -2.E•

Between sides

% frequency

Between depths

Hydroides elegans

Between sides

% frequency

Between depths

Bugula avicularia

Between sides

% frequency

Between depths

All other species

Between sides

°}i frequency

Between depths

Shannon-Weaver index

Between sides

of ,diversity H1

Between depths

* significant ( P <= 0 .o.s)
*4> highly significant (P..::::. 0.01)
***

very highly significant (Pc::: 0.001)

F

8.12 *

23.54 ***
6.95 *
79.85 ***
0.44 N.S.
82.3 ***
0.01 N.S.

19.93 ***
0.01 N.S.

lJ.86 ***

6+

Plate 8.
2 m

14 week panel

' .Plate 9.

4 m 14 week panel

Plate 10

8 m 14 week panel

From the F ratios in Table 8 it can be concluded that the
percent frequency of Diplosoma

~.,

Hydroides elegans,

Bugula avicularia and all other species (fouling intensity)
differed significantly between depths.
of Diplosoma

~·

The percent frequency

and Hydroides elegans also differed

significantly between sides.

There was a significant

difference in the Shannon-Weaver index of diversity H1 between
depths.

However, there was no significant difference between

sides for this index.
Multiple comparison Scheffe tests were carried out on
all the between depths data in Table 8 as this data showed
significance in two way ANOVA.
Diplosoma

~·

Between depth data for

and Hydroides elegans was subdivided into more

sedimented and less sedimented side groups for the Scheffe
tests because these two species showed a significant difference
in percent frequency between sides.

The results of multiple

comparison Scheffe tests are given in Table

9.

Using the F ratios in Table 9 and the data in Appendix D
the following differences were determined in the

14 week

fouling communities between each depth:
1.

The

% frequency

of Diplosoma

~·

on both more sedimented

and less sedimented panel sides was lower (P-< 0.01) at
the 2 m depth than at the 4 m and 8 m depths.
no significant difference between the

There was

% frequency

on less

sedimented 4 m and 8 m panels, but 8 m panels had a
significantly higher

% :fre quency

than

4 m panels on more

sedimented sides.
2.

Hydroides elegans occurred a·t higher
(P-= 0.01) at 2 m than at

% :frequencies

4 m :for both panel sides.
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TABLE 9

14 WEEK COMMUNITY SCHEFFE TEST RATIOS FOR
COMPARISONS BETWEEN PAIRS OF DEPTHS

Data used

Diplosoma

Depth pairs

~·

% frequency

compared

ratio

2m & 4m

10.08 **
***
29.30

2m & Bm

on

F

more sedimented sides

4m

Diplosoma sp.

2m & 4m

19.76 ***

% frequency

2m & 8m

18.43 ***

on

&

Bm

less sedimented sides

4m & 8m

Hydroides elegans

2m & 4m

% frequency

2m & Bm

13.82 **
***
39.12

more sedimented sides

4m & Bm

6.44**

Hydroides elegans

2rn

on

0.02 N.S.

133.60

less sedimented sides

& 4m
2m & Bm
4m & Bm

Bugula avicularia

2m & 4m

73.70

% frequency

2m & Bm

% frequency

on

92.30

***
***

3.81 N.S.
***

J.09 N.S.

4m & 8m

46.60***

All other species

2m & 4m

17.50

% frequency

2m & Bm

(Fouling intensity)

4m

Shannon-Weaver

2m &

index of diversity

2m & 8m

H

4m

*
**
***

Significant (P

<

&

&

0,.59 N.S.

Bm

11.70 ***

4m

6.64**
1.07 N.S.
***
13.0J

Bm

0.05)

Highly significant (P <. 0.01)
Very highly significant ( P

i/

***

<

0 .001)

Four metre panels, in turn, had significantly higher

% frequencies

than 8 m- panels when more sedimented

sides were compared, but less sedimented sides were
not significantly different.

J.

Bugula avicularia was present at higher

% frequencies

(PC::::::: .001) at 4 m than at 2 m or 8 m.

The difference

between 2 m and 8 m

4.

The

% frequency

% frequencies

was not significant.

of all other species (fouling intensity)

was greater (PC::::::: .001) at

4

rn than 2 rn or

8

rn.

The

latter two depths were not significantly different.

5.

The Shannon-Weaver index of diversity, H 1
(at least

Pc:=::

,

was higher

.01) at 4 m than at 2 m and 8 m.

Two

metre and 8 m indices were not significantly different.
The

% area

covered by colonial encrusting species at each

depth is given in Table 10.

The results were determined

using the area covered by Diplosoma

~·

and Botryllus schlosseri,

but the contribution by the latter species to the overall area
was negligible.
TABLE 10
COLONIAL ASCIDIAN

Depth

2 m

*

% AREAS

ON

14

WEEK PANELS

% area

+
- S.E. *

1.2 +
- 0.29

4 m

24.5

-+

6.15

8 m

23.1 +

4.oo

The number of replicate samples at each depth was eight.

One way analysis of variance carried out on arcsine transformed
data from TablelO gave a highly significant F ratio.

of

% areas

using the Scheffe test indicated that the

Comparison

% area
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covered by colonial ascidians at 2 m was significantly lower
than the areas covered at

~oth

4

m and

8

The

rn.

% areas

covered at 4 m and 8 m were not significantly different.
The fouling community development in both experimental
periods was followed using species richness (Fig.11) and
species identity data (Appendix

E).

In experimental period 1,

species richness at all depths increased rapidly between the
2 week and

6 week sampling stage.

A plateau in species

richness was reached at the 6 week stage for 4 m and 8 m
communities.

In experimental period 2, species richness

changes were generally slower than in period 1.

Species

richness at the 4 m depth increased by only two species from
week 3 to week 14.

At the 14 week stage both the 2 m and

4 m communities contained nine species, all of which were
common to both depths.

The 8 m community at the 14 week

stage, however, contained 14 species.
The fouling species richness on 14 week cage hoods was
Twenty two species were

also greatest at the 8 m depth.

recorded at 8 m, 18 species at 4 m and 10 species at 2 m
(Table 11).

Several fouling animal types were absent or nea r

absent from the community on the 2 m hood:
spirorbid species were absent;

all hydroid and

only one encrusting bryozoan

species and one solitary ascidian species were present.
Photographs of representative sections of the cage hoods are
shown in Plate 11 (2 m hood), Plate 12 (4 m hood) and Plate 13

(8 m hood).
The results of the biomass determinations on panels and
cage hoods are ' given in Table 12.

Comparisons of biomass

results between depths were made using the t

-

test.

Similar changes in biomass were shown to occur on both panels
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TABLE 11

SPECIES RICHNESS AND IDENTITY ON CAGE HOODS

Animal type
Ascidians

-

-

colonial

solitary

Taxonomic name

2m

4m

Sm

Diplosoma

+

+

+

Botryllus schlosseri

+

+

+

Ciona intestinalis

+

+

+

+

+

+

+

+

+

Ascidia

~.

Jill,

Styela plicata
Bryozoans

-

Bugula a vi cul aria

erect

+

Bugula neritina

-

Canopeum tenuissimum

encrusting

+

+

+

+

Unidentified species

+

+

Schizoporella unicornis

+

+

Canopeum

stoloniferous

Spirorbid

Bowerbankia

~

+
+

Bivalve

+

s~euri

+

+

+

+

+

+

+
+

+

Tubularia australis

Obelia

+

~.2

+

+

Unidentified species
Total number of sJ2ecies

+
+

Unidentified species

Anemone

+

Anomia descripta
Crassostrea commercialis+

Hydro ids

+

Janua

Bal anus trigonus

-

+

+

Bal anus amphitrite

Molluscs

+

Pileolaria lateralis

Bal anus variegatus

Barnacles

+

~

Hydroides elegans

Polycheates

+

+

10

18

22

/'

7I

Plate 11.
2 m hood

Plate 12.

q m hood

Plate lJ.
8 m hood
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and

hoods as the depth changed.

significantly greater

(P-==::.001)

The biomas€ at

than the biomass at 8 m,

which in turn was significantly greater
biomass at 2 m.
the panels at

4

4 m was

(P-.::::::::.001)

than the

The biomass was greater on hoods than on
m and

8

m depths, but at the 2 m depth the

reverse was found.
TABLE 12
RESULTS OF BIOMASS DETERMINATION FOR

14 WEEK COMMUNITIES

Sample

Mean Dry Weight (g)
2
per 196 cm -+ S.E.

2 m panels

0.067 + 0.007

4 m panels

0.719

8 m panels

0.521 + 0.064

2 m hood

0.017 + 0.007

4 m hood

2.401

8 m hood

1.656

-

-+ 0.042

-

-+
-+

0.167
0.076

7J

CHAPTER 5
DISCUSSION AND CONCLUSIONS

5 .1

PHYSICAL PARL\METERS

During the study no dissolved oxygen concentrations
were recorded below or even near the critical value of
shown by Reish
animals.

4 ppm,

(1971) to adversely affect many fouling

Apart from temperature, other physical parameters

measured were also similar at the three depths.
at the 2 m depth was raised an average
at other depths.

J.5 0 C

Temperature

above temperature

Although this temperature increase was

relatively small, it may have caused some increase in the
metabolic rate of fouling animals at 2 m.

If this was the

case, then temperature may have indirectly increased the
toxicity of a number of the pollutants present in high
concentration in the upper water layer.

Many experimental

results in the .following discussion may be explained by the
toxic effects of pollution at 2 m.
5.2

GROWTH
The growth experiment produced two major findings.

Growth rates at 4 m and 8 m were very similar, while at 2 m
growth was much slower.

These findings were duplicated in

the three very different species used in the study.

Hence,

the results can not be interpreted as a peculiarity found
only in one or two species.

The growth experiments were

performed in months when water temperatures were low and the
intensity of settlement on panels was sparse.

They were also

determined during the initial stages of community development,
when large amounts of free space were still available.

This

meant that even though the observed growth rates did not take

.

.

into account any competitive effects

betwee~

organisms,

growth was essentially nonc~mpetitive and a valid comparison
of growth rates between depths could be made.

Haderlie

(1974) has shown that a dense aggregation of individuals
reduces greatly the growth rates of many fouling species and
comparison of growth rates at different depths is difficult.
If water was unpolluted, both increased temperature at
2 m and nearness to the phytoplankton producing water near

the surface, would be expected to promote greater growth rates
than at

4 m and 8 m.

observed.

However, the opposite effect was

There are two possible explanations:

either the

food supply at 2 m was greatly reduced compared to the other
depths or pollution was inhibiting growth.

The latter

explanation is more likely since it has been shown that
phytoplankton bloom conditions occur at the J m depth at the
Roll on - Roll off Berth (Moran, pers.comm.).

If bloo m

conditions exist at 3 m, then the food supply at 2 m will
also be plentiful, even if phytoplankton are only carried to
2 m by water currents.

Only fouling animals living below the

most polluted layer will be able to fully utilize the
abundant food supply.
rates at

4 m and 8

The similarity of observed growth

m may be due to superabundance of food in

the whole water column.

5.J

TRANSFERENCE
The transference experiment showed that all species,

except for large solitary ascidians, were tolerant to the
most polluted water during the particular two week transference
period.
during the

If it is assumed the levels of discharged pollutants
tw~ cyeek

transference period were not unusually low,

then it can be concluded that the water in the upper layer is
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not highly toxic to most adults.

Since mos~ adult species

can tolerate conditions at _2 m then larval susceptibility to
increased pollution in the upper layers must be used to
explain the differences in species richness observed between
the three experimental depths.
It would have been interesting to measure growth rates
of organisms transferred to the polluted 2 m depth.

Since

the main objective of the transference experiment was to
observe acute effects over a short exposure period, this
could not be done.
Moore (1977) suggested that smaller organisms are more
susceptible to pollution than larger organisms.

The smaller

organism has a larger surface/volume ratio and a higher
metabolic rate.
substances.

This increases the entry rate of permeating

The fact that only the largest organisms

(solitary ascidians) were killed by transference does not
support this contention, and in the present context this
finding is difficult to explain.

5.4

LARVAL SETTLEMENT
Larval settlement results provided only information

about primary settling species that settled at each depth.
It was most important to establish the identity and numbers
of individuals settling from each of these species because
they have a direct influence on early community development
and structure.

During experimental period 1 the following

species were not recorded as primary settling larvae during
the corresponding larval sampling periods:
Pyura

~.,

Arthropodaria

~·'

Pileolaria lateralis, Janua steuri and an

unidentified hydroid (athecata).

This may indicate that

these species will only settle on panels that already support
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growth by other species or that the sampling method for
larval settlement was inadequate in collecting all primary
settling species present in the water.
period 2 all species present on

14

During experimental

week panels were recorded

as primary settlin g larvae during at least one of the
corresponding larval sampling periods.
Literature on depth influences and fouling settlement,
noted in Chapter 1, indicates that the 2 m depth should
attract a greater total number of larvae as well as a greater
number of species than

4 m and 8 m in a clean water environment.

However, results showed that the total number of larvae
settling at 2 m was significantly lower than the number
settling at 4 m.

It was also found that a significantly

reduced number of species settled at 2 m compared to

8 m during one sampling period.
found that

15 at 8 m.

8

4

m and

Over the whole study it was

species of larvae settled at 2 m, 12 at

4

m and

It is hypothesized that hydroids, encrusting

bryozoans and sponges are the larvae most susceptible to
pollution.

These three groups of larvae were not recorded

at 2 m but hydroids and encrusting bryozoan species were
recorded at 4 m and representatives from all three groups at

8 m.
Larvae of the erect bryozoan, Bugula avicularia, showed
a most distinct preference for settlement at
difference between

4 m.

The

8 m and 4 m settlement intensity of

B.avicularia was obviously a natural depth preference, but
~

the difference between
ei~her

4 m and 2 m settlement may

hav~

been

a natural preference or an artificial preference

resulting from high pollution concentrations at 2 m.

Wisely
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(1959) found no significant difference in the number of
~.avicularia

larvae settliDg at 1.1 m and 2.1 m below the water

level in Sydney Harbour.

This experimental evidence may

support the hypothesis that pollution reduced the settlement
at 2 m.
It is useful to note results of an experiment designed to
test the effect of Port Kembla Harbour water (from 3 m) on
settlement of fouling species found only in the clean water of
nearby Wollongong Harbour.

It was observed that the

percentage of larvae settling within six hours was significantly
reduced in Port Kembla Harbour water compared to Wollongong
Harbour water for Bugula neritina and Tricellaria

Another

~·

species used in the experiment, Watersipora cucullata, did not
show a significant difference in the percentage settlement in
the two types of water (Moran, pers.comm.).

The important

point to note is that larval settlement in some species can be
reduced in polluted water.

This prolonging of pelagic life

may result in the death of many nonfeeding larvae because
their food reserves are exhausted before settlement can take
place.

Prolonged pelagic life will also result in larvae

being exposed for longer periods to pollutants.

As a

consequence larvae are more likely to be killed by these
pollutants.
In the present study, detritus and sediment scour may
have been another form of pollution inhibiting larval settlement
via initial choice of settlement site or by killing larvae
before they were able to settle and complete metamorphosis.
A thick layer of sediment on a substrate can make it an
C' undesirable surface for settlement (Jackson, 1979).

The
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panels exposed at 2 m commonly accumulated more sediment
than the panels at the

oth~r

depths.

Together with pollutant concentrations, factors such as
length of larval life, proximity to breeding colonies,
phototropic and geotropic responses will have been important
in determining the identity of species settling and settlement
intensity at each of the experimental depths.

The larvae

that settled on the test panels could have been released by
adults living either in or outside Port Kembla Harbour.
Within the harbour the only suitable places where adult
fouling animals are able to live is on harbour structures
built around the harbour perimeter.

The inner harbour has

been dredged many times and as a consequence the harbour
bottom is heavily silted and unsuitable as a substrate for
fouling animals.

In a qualitative analysis of fouling

animals present on pylons at a depth of approximately J m
at the Roll on - Roll off Berth the following species were
recorded:

Barnacles - Balanus variegatus, Balanus amphitrite;

Ascidians - Styela plicata, Botryllus schlosseri; Serpulids Hydroides elegans, Janua sp.; Bryozoans - Bugula avicularia,
Bugula neritina, Bowerbankia sp.; B:j.valve - Anomia descripta
and an unidentified anemone (Moran, pers.comm.).

Another

possible source of larvae within the harbour is from adults
living attached to ships which dock alongside the harbour
berths.
Both nonfeeding and feeding larvae released by adults
living outside the harbour could settle at the Roll on Roll off Berth.

However, it is hypothesized that feeding

larvae would be more likely to survive and settle this far
into the inner harbour.

Generally, ascidians and bryozoans
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have nonfeeding larvae, while serpulids and barnacles have
feeding larvae (Ferguson-W0od and Allen, 1958; Thorson, 1964).
Larvae able to settle in the harbour from unpolluted
environments outside the harbour, may be able to continually
replenish the adult populations.

Pollution concentrations

and competition for space with other species already present
would be important in determining which clean water species
settled in which locations.

5. 5

COM:t-fUJ'\ITY STHUCTURE

The community structure on

14 week panels was

predominantly a reflection of the identity of initial
settling species, settlement intensity and the growth rate
of these organisms.

Species arriving after initial

settlement and growth had a varying influence on community
structure depending on the amount of free space still
available to them.
An important observation was the effect which different
growth rates o1 Diplosoma

~·

had on community structure.

A similar number of Diplosoma sp. larvae settled initially at
2 m and 8 m, but the slower growth rate at 2 m resulted in a
percentage area coverage of 1.2 ~ at 2 m and 23.1~ at 8 m on

14 week panels.

The .number of Diplosoma ~· larvae settling

initially at 4 m was far greater than at 8 m and the growth
rates at both these depths were similar during the first nine
weeks.

It would be expected, therefore, that the percentage

area covered on 14 week panels would be greater at 4 m than

8 m

.

However

'

.

it was found that the percentage area coverage

at these two depths was not significantly different.
be explained by the possible slowing

o:f

This may

Diplosoma !,£• growth
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rates at 4 m during the week 9 to week 14 pe-riod, due to
increased competition with the large number of individuals
from other species present on the panels.

8 m panels

supported only a small number of individuals from other
species.
Hydroides elegans larvae settled initially in similar
numbers at all depths during experimental period 2.

However,

the percentage frequency of H. elegans on 14 week panels was
significantly higher at 2 m than at

4 m and 8 m.

This may

have been a reflection of the differences in free space
available to later arriving H. elegans larvae at each depth.
Since much of the space on panels at

4 m and 8 m was taken up

quickly by the colonial ascidian Diplosoma

~.,

many later

arriving larvae may have been excluded from settling.

On 2 m

panels, later arriving H. elegans larvae would not have been
excluded because of the very low Diplosoma

~·

area coverage.

Percentage frequency of Bugula avicularia on 14 week
panels appeared to be directly related to the number of larvae
settling throughout the study.

As mentioned previously, the

number of B. avicularia larvae settling on 2 m and 8 rn panels
was very small in comparison to the number settling at 4 m and
a similar difference in
panels.

% frequency

was observed on 14 week

B. avicularia was obviously able to settle successfully

on the 4 m panels even though space was dominated by Diplosoma
This may be because B. avicularia is an erect bryozoan
requiring only a small basal space for attachment.
An unexpected result obtained from community structure
analysis was the similar Shannon-Weaver index of diversity
(H' ) at 2 m and 8 m.

The mean value of this index for 2 m

and 8 m replicate panels was 1.27 and 1.11 respectively.

~·
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This could suggest that the 2 m and 8 m communities were
similar, but this is

obvio~sly

incorrect.

Fourteen species

were present at 8 m and only nine species at 2 m.

H

1

was

low at 8 m because of the large dominance of space by one
species;

Diplosoma sp ••

The 13 other species present at 8 m

were present in only very small

% frequencies

only a small contribution to H 1 •
panels by Diplosoma

~·

and hence made

The dominance of 8 m

may have been the result of chance

initial settlement and monopolization of space.

Many authors

agree that diversity index values must be interpreted with
great care (Cook, 1976; Bayly and Lake, 1979; Green, 1979).
It must be concluded that in the present instance H1 was a
poor indicator of community structure.

Species richness

and species identity were seen as better comparative measures
of pollution effects on community structure at 2 m and 8 m.
The greater species richness at 8 m indicated the water at
this depth was less polluted.
The species present on 2 m and
I

but the mean H
.
higher
than H I

index at

4 m panels were the same

at 4 m was 1.64 and was shown to be significantly
at 2 m.

In this situation the greater diversity

4 m seemed to give a good indication of the effect of

lower pollution concentrations on community structure.
Species richness was greater on cage hoods than on panels.
This has several possible explanations.

Hoods were far

greater in area than panels and this has been shown by Long

(1974) to allow more species to co-exist because competition
for space available is less severe.

Hoods were also dark and

this may have attracted larval settlement of the many species
that are photonegative in their final stage of pelagic life.
Water movement over the hood surface was also assumed to be
greater than over the panel surfaces and this could be
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expected to carry more larvae to the hood than the panels.
The identity of

speci~s

and species richness on cage

hoods gave a very good indication of water quality at each
depth.

It should be noted that the hood on the 2 m cage was

positioned 15 cm above the middle of the panels and this meant
that it was exposed to higher pollutant concentrations than
the panels.

This may explain why panels at 2 m and

4 m

supported the same species but 18 species were recorded on the

4 m hood and only 10 species on the 2 m hood.

The absence of

all hydroid species and presence of only one encrusting
bryozoan species on the 2 m hood supports the hypothesis put
forward in relation to larval settlement that these groups of
fouling organisms are most susceptible to pollution.
The presence of four species of encrusting bryozoans on
the

4 m and 8 m hoods was an important finding because none of

these species had previously been recorded at 3 m in Port
Kembla Harbour over a study period of two years (Moran, pers.
comm.).

The presence of the spirorbid Pileolaria lateralis

(not previously recorded at the Roll on - Roll off Berth) and
the erect bryozoan Bugula neritina (very rarely recorded in
Port Kembla Harbour) (Moran, pers.comm.) on the 8 m hood were
also indicative of the water quality and larval input at this
depth.

The recording of all the abovementioned species

strongly suggests that the water near the harbour bottom is
relatively clean and suitable for growth of all fouling
animal types.

The fact that bryozoan species found commonly

in coastal waters outside the harbour were recorded also
suggests that these species may have been transported to the
Roll on - Roll off Berth from outside the harbour.

BJ

5•6

BIO'MASS

In a clean water

envi~onment,

the total biomass of

fouling organisms decreases from just below the water surface
to deeper depths (Long, 1974; Hanson and Bell, 1976; Haderlie
and Donat, 1978).

However, in the present study high levels

of pollution at the 2 m depth significantly reduced the total
biomass on both hoods and panels in relation to biomass in the
deeper water.

Total biomass was a reflection of larval

settlement intensity and
2 m,

slow.

gro~th

rates after settlement.

At

larval settlement intensity was low and growth rates were
At 4 m and 8 m growth rates were fast but larval

settlement intensity was greatest at

4 m, possibly because

photopositive larvae were initially attracted to this depth
in preference to

8 m.

This may explain why biomass at

4 m

was significantly higher than at 8 m.
The greater biomass on

4 m and 8 m hoods than panels can

also be accounted for by larval settlement intensity and
growth rate differences.

There was undoubtedly a greater

larval attraction to hoods, as mentioned previously, and
growth rates may have been faster on hoods because a better
water flow past them increased the food supply.
sedimentation of hoods did not occur.

Also,

Biomass on the 2 m

hood was lower than on the panels because it was positioned
in the very polluted water above the cage.

5.7

CONCLUSIONS
Differences in settlement of fouling organisms growth,

community structure and biomass between depths has been
attributed to two factors:

depth and pollution.

Differences

between 2 m and 4 m were primarily the result of pollution,
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but differences between
factors.

4 m and 8 m were caused by both

The transference experiment results showed that

most adults were able to tolerate water conditions in the
upper layers but many of the adult species found in the
deeper water did not occur at 2 m.

Therefore, larvae were

either killed by high pollution concentrations in the upper
layers before they were able to settle or settled preferentially
in the cleaner, deeper water.

This meant that the species

richness and identity of the species in the communities at each
depth gave a good indication of water quality.

A pollution

gradient from most intense (2 m) to least intense {8 m) was
indicated.

The experimental results support the suggestion

that pollutants flow out in the top layers of Port Kembla
Harbour and a clean oceanic water body penetrates beneath.

85

SUMMARY

1.

Growth rates of a solitary ascidian (Ciona intestinalis),
a

serpulid (Hydroides elegans) and a colonial ascidian

(Diplosoma .2.£•) have been studied.

All growth rates

measured were essentially non competitive.

Growth rates

of the three organisms were significantly reduced in the
most polluted water layer (2 m) in comparison to growth
in the less polluted water (4 m and 8

m).

Growth rates

at the latter depths were similar.

2.

Total larval settlement intensity was significantly
reduced at 2 m and 8 m in comparison to

4 m.

Low

larval settlement intensity at 2 m was attributed to
pollution effects and at 8 m it was attributed to the
natural attraction of many larvae to the shallower
waters.

Throughout the whole study a total of eight

species of .larvae settled at 2 m, 12 species at

4 m and

15 species at 8 m.

J.

Transference of 4 m and 8 m three month panels to 2 m
for two weeks showed that all fouling animal species,
except the large solitary ascidians
and Ascidia

~·t

Ciona intestinalis

were tolerant to high pollutant

concentrations in · the upper water layer.

This led to

the hypothesis that larval susceptibility to pollution
was limiting the distribution of many species to the
cleaner, deeper water.

4.

The community structure on 14 week panels was analysed
using
data.

~

frequency, species identity and species richness
The Shannon-Weaver index of diversity (H

1

)

a good indicator of community structure differences

was
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between 2 m and

4 m panels, but was a poor indicator

of differences between . 2 m and 8 m, and 4 m and 8 m
panels.

The 8 m community was best characterized

by the identity of species present and species
richness.

The same nine species were present on 2 m

and 4 m panels, but the 8 m panels supported all these
species plus five others.

Differences in species

identity and species richness on cage hoods
substantiated evidence obtained from the panel analysis
that the fouling communities reflected a vertical
pollution gradient.

Twenty two species were recorded

on the 8 m hood, 18 species on the 4 m hood and 10 species
at 2 m.

5.

Using the larval settlement and community structure
results it was hypothesized that hydroid and encrusting
bryozoan species were most susceptible to pollution.

6.

Total biomass at 4 m was significantly greater than at

8 m, which in turn was significantly greater than at
2 m.

Reduced biomass at 2 m was attributed to the

toxic effects of pollution on settlement and growth.

7.

All the above evidence supported the proposal that
pollutants flow out in the top layers of Port Kembla
Harbour and clean oceanic water penetrates beneath.

\

, .

87

APPENDIX A - LARVAL SETTLEMENT ONE-WAY ANOVA
DATA AND ANOVA TABLES USED TO
CALCULATE F RATIOS
1.

Total number of larvae settling per replicate panel
- data and ANOVA tables
(i)

Period (June J - July 8)

Depth

Total

2m

4m

Sm

57

79

33

40

118

16

37

96

31

Total

134

293

80

507

Source of variation

df

SS

ms

!Between depths

2

8174

4087

!Within depths

6

1170

195

8

9344

Total.
(ii)

F

21.0

I

Period (July 8 - August 5)

Depth

Total

2m

4m

Bm

54

262

77

12

459

71

23

232

72

Total

89

953

I

220

1262

SS

I

,I

Source of variation

df

ms

!Between depths

2

144550

722_75

!Within depths

6

31382

.5230

8

175932

Total

F

13.8

88

(iii)

Period (August 5 - September 6)

Depth

I

Total

2m

4m

8m

47

302

187

70

220

157

53

216

136

Total

170

738

480

1J88

Source of variation

df

ms

SS

'Between denths

2

53921

26961

!Within depths

6

6311

1052

8

60232

Total
2.

.I

F

2 5. ~

I

Total species number settling per replicate side _
_ data and ANOVA tables
(i)
Period (June J - July 8)

Depth .

3, 4,

6, J,

3, 5,

4, .5'

6, 5,

.3' J,

4

4. 5

4. 4

22

29

22

2.

Total

Source of variation
Between depths
Within depths
Total

Bm

4m

2rn

Total

73

df

SS

ms

2

5.4

2.7

15

15.5

1.0

17

20.9

F

2.7

1

89
(ii)

Period (July 8 - August 5)

2m

Depth

4, 6,

6, 5,

6, J,

4. J

5. 3

4. 7

20

JO

4,

2,

Total

!Source of variation
!Between depths
twithin depths
Total

(iii)

Sm

7,

J, 4,

'

4m
4,

df

Total
80

JO

SS

ms

F

2

11.1

5.55

J.28

15

25.J

1.69

17

J6.4

I

Period (August 5 - September 6)

Depth

Total

!Within depths
Total

Sm

6, 4,

7, 7,

8, 7,

4, J,

6, 6,

5, 6,

J. 3

8. 6

6. es

23

40

37

I.Source of variation
!Between depths

4m

2m

Total
100

SS

ms

F

2

27.4

13.7

12. J

15

17.0

1.1

17

44.4

df

I

APPENDIX B - DATA USED FOR GROWTH ANALYSIS

!•

Experimental period one (April/May}
WEEKS AFTER SUBMERGENCE

SPECIES & PARAME.'TER MEASURED

2m
Hydroides elegans
(tube length in mm)

2 WEEKS

DEPTH

2.0 -+ .16 *
(n+25)

(n=4J)
4.1 -+ 1.59
(n=J)

-

2m

n

= number

+

J.7- .13
(n=6J}

7.9 -+ .45

4m
Sm

Ciona intestinalis
{length in mm)

4 WEEKS

+

.6 -.07

6 WEEKS

8 WEEKS

6.4 -+ .JO
(n=58)
19.4 -+ 1.06
(n=53
+

14.5 - 2.65
(n=U.)

+

Jl.7 - 1.55
(n=21)
+

JJ.1- 1.46
(n=4)

+

(n=41)

1.1 - .15
(n=14)

4m

-

6.4 ! .39
(n=J5)

+
lJ.6 - .98
( n=26)

18.1 -+ 1.24
(n=20)

8m

-

4.1 ! .)8
(n=ll)

15.4 ! 2.15
(n=l5)

26.J - 2.01
(n=l2)

+

of individuals measured

* Data is expressed as mean

±

standard error
\0

0

APPENDIX B
2.

CONTINUED

Experimental period two (June/September)

WEEKS
SPECIES & PARAMETER MEASURED

Diplosoma sp. area
(mm2)

Hydroides elerans
(length mm

\

Ciona intestinalis

(length mm)

AFTER

SUBMERGENCE

J WEEKS

6 WEEKS

9 WEEKS

14 WEEKS

2m

o.6 ! .05
(n=ll)

1.6 -+ .48
(n=26)

J.2 :!: .4J
(n=lO)

9.9 - .75
(n=ll5)

4m

4.o +
- • 87
(n=91)

82.2 +
- 12.9
(n=117)

202.6 -+ J6.68
(n=42)

8m

2.1 -+ .62
(n=l2)

69.J -+ 17.23
(n=24)

269.9 -+ 4J.70
(n=51)

2m

-

J.8 +
- .22
(n=18)

4m

2.8 -+ .40
(n=6)

8m

DEPTH

2m

4m
8m

+

8.4 :!: 1.45
(n=9)

17.5 -+ 1.14
(n=45)

lJ.1 :!: 1.84
(n=16)

32.1 -+ 2.12
(n=lO)

58.8 :!: 3.50
(n=l2)

2.1 -+ .23
(n=6)

J.1 -+ .31
(n=S)

Jl.8 -+ 7.05
(n=5)

58.6 -+ 5.80 .
(n=J)

-

1.0

(n=l)

1.8 :!: .34
(n=5)

9.1 -+ 2.1
(n=6)

16.o -+ J.12
(n=J)

28.9 -+ 2.62
( n=6)

12.4 :!: l.J8
(n=5)

16.1 -+ 1.05
(n=2)

46.5 :!: 1.44
(n=J)

2.8 -+ .47
(n=7)
2.6 :!: .55
(n=2)

I

6.J -+ 1. 24
(n=l9)

\D

......
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APPENDIX C - CONTINGENCY TABLES AND X2 VALUES USED IN
ANALYSIS OF TRANSFERENCE EXPERIMENT DATA
1.

Contingency tables using 4 m data
(i)

Initial analysis
SPECIES

SAMPLE

c

A

!Control

124

!I'ransference

105

!I'otals

229

I

(ii)

2

23

J

8
7

29
29

99
77

281
220

15

58

176

501

'•

.....

= 16.10,

I

=4

df

J

TOTALS

99
77

260

7

29
29

218

15

58

176

478

A

D & E

t°;ontrol

124

8

lrransference

105

lrotals

229

x2

= 0.7,

F

df

&

I

=3

Suspected species included and others grouped
SPECIES

c

SAMPLE

A+D+E+F+I+J

TOTALS

!Transference

21
2

260
218

281
220

!Totals

23

478

501

Control

x

J

TOTALS

Suspected species removed
SPECIES

SAMPLE

(iii)

F & I

21
2
I

x

D & E

2

= i2.14,

df = 1
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APPENDIX C - continued
2.

Contingency tables using 8

(i)

rn

data

Initial analysis
SPECIES

!SAMPLE

c &E

A

D

F

J

TOTALS

!Control

61

11

18

15

18

rrrans:ference

58

5

0

10

13

123
86

119

16

18

25

Jl

209

trotals

x

(ii)

2

= 16.06,

df' =

Suspected species removed
SPECIES
A

c &

Control

61

transference
rrotals

TOTALS

F

J

11

15

18

105

58

5

10

13

86

119

16

25

Jl

191

SAMPLE

x

(iii)

4

2

= 2.3,

E

df

=3

Suspected species included and others grouped
SPECIES

ISAMPLE
!Control
rrrans:ference

D

I

TOTALS

A+C+E+F+J

18

105

123

0

86

86

x2

= lJ.75,

d:f

=1

I
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APPENDIX D - DATA USED IN THE CALCULATION
OF TWO WAY ANOVA F-RATIOS
FOR

(1)

Diplosoma

Depth

~·

14

WEEK FOULING COMMUNITIES.

% frequency

data

More sedimented

Less sedimented

replicates

replicates

2m

Jl,Jl,15,27

48,47,31,46

4m

82,9J,46,24

100,98,95,77

Sm

76,97,79,93

89,96,94,84

'I

(2)

Hydroides elegans

Depth

% frequency

data

More sedimented

Less sedimented

replicates

replicates

2m

42,49,51,41

81,87,67,88

4m

15,40,24,9

ll,J0,10,26

8m

8,4,J,8

6,10,1,10

{J)

Bugula avicularia

Depth

% frequency data

More sedimented

Less sedimented
replicates

replicates
2m

1,5,9,1

4m

80,67,85,52

5,5,4,J
44,71,61,80

8m

26,6,7,20

9,19,14,J

(4)
Depth

Remaining species (fouling intensity)
More sedimented

% frequency

Less sedimented
replicates

replicates
2m

39,21,18,28

7,22,10,17

4m

70,51,63,49

42,56,41,82

Sm

33,6,18,21

Jl,20,45,39

(,/

data
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APPENDIX D - continued

(5)
Depth

Shannon-Weaver index of diversity H 1
More sedimented
replicates

Less sedimented
replicates

2m

1.468, l.J90,
l.J21, 1.615

0.987, 1.152,
1.069, 1.119

4m

1.543, 1.703 .,
1.673, 1.582

1.427, i.727,
1.580, 1.895

8m

1.449, 0.543,
0.653, 1.194

1.253, 1.227,
1.291, 1.299

'

APPENDIX E - CHANGES IN SPECIES RICHNESS AND SPECIES
IDENTITY THROUGHOUT THE STUDY.
1.

Communitv developmPnt rluring experimental period 1 (April/May)

Sampling stage

4 WKS

2 WKS

SPECIES

6 WKS

8 WKS

2m

4m

8m

2m

4m

8m

2m

4m

8m

Hydroides elegans

+

+

+

+

+

+

+

+

Ciona intestinalis

+

+

+

+

+

+

+

Bugula avicularia

+

Diplosoma

+

Bowerbankia sp.
~

Anomia descripta

+

+

4m

8m

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Arthropodaria sp.

2m

+

p~~

+

+

Unidentified Hydroid

+

+

+

+

+

Unidentified Hydroid (Athecata)
Pileolaria lateralis

+

Obelia sp. 1

+

Janua steuri

+

Canopeum tenuissimum
Botryllus schlosseri
+ Denotes species present

+

+

+
+

\0
0\

APPENDIX E - continued
2.

Community developmen_t during experimental period 2 (JuneLSeEtember)
Sampling stage

SPECIES

3 WKS
2m

, . Hydroides elegans
Ciona intestinalis
Bowerbankia

+

~

6 WKS

9 WKS

14 WKS

4m

8m

2m

4m

8m

2m

4m

8m

2m

4m

8m

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Bugula avicularia

+

+

+

+

+

+

+

+

+

+

+

+

Diplosoma

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

~

Obelia sp. 1

+

Botryllus schlosseri

+

+

Canopeum tenuissimum
Bal anus sp.

+

+

+

+
+

+

Unident.Hydroid (Athecata)

+

Ascidia sp.

+

+

+

Unidentified Hydroid

+

+

+

Balanus variegatus

+

+

+

Balanus amphitrite

+

Styela plicata

+

Obelia sp. 2

+

Leucosolenia

~

+

\0
-.J

' .
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